NO (nitric oxide) production in macrophages after lipopolysaccharide stimulation, indicating to exhibit antiinflammatory effects. Furthermore, the polysaccharide from seed cake of C. oleifera was shown to contain biomedical potential as well as antioxidant and antitumor actions (8) . The biflavonoid purified from the shells of C. oleifera also demonstrated the ability to protect against brain cell damage from free radicals (9) .
In this review, we discuss the studies describing the antioxidant activity and the major antioxidant compounds of camellia oil and further characterize their beneficial effects focusing on a potential approach against oxidative stress-associated liver damage and gastrointestinal ulcer.
Hepatoprotective Effect of Camellia Oil
Previous studies have demonstrated that the formation of liver injury occurs due to various factors regarding harmful (toxic) chemical intoxication, drugs and virus (hepatitis) infection (10, 11) . In general, the hepatotoxic effects could be caused by well-known agents including acetaminophen, carbon tetrachloride (CCl 4), and excessive consumption of alcohol (10, 12) . In experimental animal studies, the toxic compound CCl4 is used to induce liver damage/injury through generation of the reactive trichloromethyl free radical (·CCl3) after being metabolized in vivo, leading to membrane lipid peroxidation and oxidative damage of hepatocytes (13, 14) . Thus, dietary supplements (oxygen radical scavengers) and antioxidant-rich diets are necessary to retard the chain reaction of oxidation and to prevent hepatitis (15, 16) . The methanol extract of camellia oil contains two bioactive substances, sesamin and compound B (2,5-bis-benzo [1, 3] 
, which exhibit powerful antioxidant activity as determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH), trolox equivalent antioxidant capacity (TEAC) and oxygen radical absorbance capacity (ORAC), respectively (5, 17) . In an in vivo study, treatment with camel-S101 lia oil (150 g/kg diet) suppressed CCl4-induced acute hepatotoxicity in rats through its protective action (16) . Alternatively, a downregulation of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) as well as an upregulation of antioxidant enzymes, including glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione S-transferase (GST) could be observed in camellia oiltreated rats. Moreover, camellia oil was found to attenuate fatty degeneration, necrosis and vacuole formation and to inhibit the concave liver surface and lymphocytic infiltration in hepatic cells from the rats with acute oxidative damage. It is concluded that camellia oil enhances the hepatic antioxidant defense system and endogenous or exogenous defending mechanism to achieve prevention of liver damage induced by CCl4. Therefore, the functional benefit from camellia oil has emerged to have a hepatoprotective potential.
Anti-Ulcer Property of Camellia Oil
Non-steroidal anti-inflammatory drugs (NSAIDs), including aspirin, diclofenac, indomethacin, naproxen and ketoprofen, are all available to control acute and chronic pain of rheumatoid arthritis and to alleviate swelling as medications with anti-inflammatory effects, but their usage causes oxidative injury to the gastrointestinal mucosa in clinical medicine (18, 19) . The appearance of lipid peroxidation and oxidative damage in the mucosa is correlated with intestinal diseases, chronic intestinal inflammation or ulcers (1). Gastrointestinal ulcers induced by NSAIDs result from induction of oxidative stress and/or reduction of antioxidant enzymes. In addition, heme oxygenase-1 (HO-1), glutathione peroxidase (GPx), and superoxide dismutase (SOD) are important antioxidant enzymes to eliminate ROS and RCS, and they could act as metal ion chelators in the human body (20) (21) (22) . The gastrointestinal isoenzyme (GI-GPx), which is the most important gastric enzyme, also serves as a barrier against hydroperoxide (23). HO-1 protects gastrointestinal cells against oxidative damage through the breakdown of heme to biliverdin and carbon monoxide (20) and suppresses inflammation and tissue injury after ROS induction in the stomach and intestine (21) . Importantly, it is documented that dietary foods may be an effective therapeutic strategy against gastrointestinal ulcers (3).
It is worth noting that vegetable oils (corn, olive and sunflower oils) can strongly reduce gastric mucosal damage which is caused by indomethacin (3). Camellia oil is reported to be rich in oleic acid and similar to olive oil, and it protects against NSAIDs-induced damage of the gastrointestinal mucosa (17) . Moreover, the mRNA levels of GPx, SOD, and HO-1 expression were markedly increased by camellia oil in human intestinal epithelial Int-407 cells. Camellia oil also promoted secretions of vascular endothelial growth factor (VEGF) and prostaglandin E2 (PGE2) levels to enhance Int-407 cell migration and served as barrier to exhibit an inhibitory effect of gastrointestinal mucosal oxidative injury and a promotion of mucosal repair in vitro (17) , which is in agreement with the previous studies (24) (25) (26) . Since VEGF and prostaglandins (PGs) have been reported to be critical cytokines for gland reconstruction or tissue regeneration in ulcer areas (24, 25) , an upregulation of PGE2 effectively prevents indomethacin-and ethanolinduced gastrointestinal damage (26) . The increased level of VEGF and PGs is an important mechanism for mucosal healing and regeneration. Furthermore, administration of camellia oil (1-4 mL/kg body weight) also dose-dependently reversed the impairment of the antioxidant system of GPx, GR, GST, catalase and SOD in intestinal mucosa after treatment with ketoprofen in vivo (17) . Therefore, camellia oil potentially suppressed ketoprofen-caused oxidative injury by means of the upregulation of vital antioxidant enzymes, especially HO-1.
Omeprazole, pantoprazole and lansoprazole are widely used as clinical treatments for gastric and duodenal ulcers (27, 28) . Administration of lansoprazole prevents gastric mucosal injury by indomethacin, piroxicam or ketoprofen by reducing cyclooxygenase-2 (COX-2) mRNA expression in SD rats (29) . Cheng et al. (17) further observed that administration of camellia oil reduced COX-2 mRNA expression and NO production in ketoprofen-induced SD rats. Morikawa et al. (30) indicated that treatment with the saponin fraction from the seeds of Camellia sinensis and its principal constituents, theasaponins, was found to show a potent protective effect on ethanol-or indomethacin-induced damage to the gastric mucosa of SD rats. Similarly, in the animals receiving an oral administration of camellia oil, the induction of mucosal injuries by ketoprofen in the stomach and intestinal tissues was dramatically suppressed (17) . Hence, there is support for the daily consumption of camellia oil as a potential approach to treating gastrointestinal ulcers, an inflammation-associated disorder.
Conclusion
Camellia seed oil is commonly used as a traditional edible oil in Taiwan and China. It is clear that camellia oil could effectively induce antioxidant enzymes in vitro and in vivo as well as protect against oxidative injury to liver tissue and gastrointestinal mucosa. This review summarizes the potential functions of camellia oil as hepatoprotective action and anti-ulcer bioactivities. These studies suggest that camellia oil might provide a therapeutic approach for the treatment of liver fibrosis and peptic ulcers induced by oxidative stress. In conclusion, the camellia oil is not only an edible oil but also a vegetable oil with potential function for human health.
